The results of the research process of producing metalized products by solid-phase reduction of iron using solid carbonaceous reducing agents. Thermodynamic modeling was carried out on the model of the unit the Fe-C-O and system with iron ore and coal. As a result of modeling the thermodynamic boundary reducing, oxidizing, and transition areas and the value of the ratio of carbon and oxygen in the system. Simulation of real systems carried out with the gas phase obtained in the pyrolys of coal. The simulation results allow to determine the optimal cost of coal required for complete reduction of iron ore from a given composition. The kinetics of the processes of solid-phase reduction of iron using coal of various technological brands.
starting materials, fragmentation and concentration of major components, temperature, rate of reaction of products disengagement and forming of low-melting fluid slag at a given temperature.
Impact of various factors on metallothermic reduction of manganese with silicon has been examined in laboratory conditions. Conventional silicon-manganese alloy and unconventional alloys with different silicon and aluminum contents were used as reducing agents. Lime and dolomite were used as fluxes.
Use of aluminum-containing alloy as a reducing agent can improve the reduction of manganese. Table 1 shows the results of manganese reduction with various compositions of the reducing metal.
Briquettes were made from manganese ore, metal-reducing agent and flux. The briquettes were loaded into a graphite crucible which was put into a Tammann furnace and heated to 1500 °C. After a five-minute heating alloy and slag were poured and analyzed.
A fusible slag is formed when reducing with both aluminum and silicon in predetermined proportions; that increases the reaction rate in briquettes, allows more complete reduction of the major component and cuts flux consumption. Presence of 15 -20 % of Al 2 O 3 in the slag contributes to high speed of the process and good separation between the metal and the slag.
Mn-Si-Fe alloy-composition with a manganese content of 15 -30 % and silicon content of 40 -45 % used as a reducing agent (see Table 2 ) allows increasing of manganese-to-silicon ratio by 1.5 -2-fold in the end metal. This enables the use of such briquettes for ladle deoxidizing and alloying of carbon steels, low-alloyed and alloyed steels of various grades. Ratio between roasted concentrate consumption and reducing agent consumption should be (0.7 -0.8) / 1.0 in briquettes. With such a ratio between components, manganese recovery is 90 -95 %; recovery from the briquette concentrate is 85 -90 %. The manganese content in the slag, which is formed in the briquette, is reduced to 7 -10 % and below, with silicon residual content of 15 -20 % in metal droplets. Slag multiplicity in the briquettes, after process completion, is only 0.70 -0.75 when compared with the slag multiplicity of 2.0 -2.5 at conventional low-carbon ferromanganese smelting.
For increased recovery of manganese from carbonate manganese ore, a product of manganesecarbonate ore thermal treatment was proposed as the oxidizer obtained by longer roasting of the ore in oxidizing environment.
Chemical composition of the product of carbonate ore thermal treatment is shown in Table 3 , and its phase composition -in Table 4 . The product of thermal treatment, which can be used for production of water-resistant exothermic briquettes for direct steel alloying, should be roasted in oxidizing environment for 1 hr at 850 -950 °C. Cooling to 500 -600 °C should be performed in oxidizing environment. Fusible manganese oxides which accelerate formation of ferrites and calcium manganites are formed in the ore.
Thus, the product of carbonate ore thermal treatment does not contain free bases and is presented by following, compounds, mass. %:
( The study shows that the product of thermal treatment of carbonate ore in the oxidizing environment is not hygroscopic. Moisture content does not increase during storage for 3 -4 weeks in air. X-ray phase study shows that all lime and magnesia in the products are fixed isomorphous mixtures of ferrites and manganites of Ca and Mg.
Briquettes, having compositions as shown in Table 5 , are manufactured from the material obtained and the reducing metal (Mn 30,13 %; Si 30 %; Al 7 %). Results of manganese reduction from the briquettes are given in Table 6 . At the first process stage, when aluminum is being oxidized, silica ore is an active flux; whereby products of thermal treatment of high-grade ore (Мn 30 -35 %; SiO 2 8 -10 %; CaO 8 -11 %; MgO 1 -3 %) and of relatively low-grade ore (Мn 25 -27 %; SiO 2 13 -17 %; CaO 6 -10 %; MgO 1 -3 %; Fe 2 O 3 3 -7 %) can be successfully used.
In laboratory conditions, the main technological parameters of mixtures for direct steel alloying were investigated as well as their impact on volume of manganese reduction from oxides. These parameters include value of component mixing, particle size distribution (PSD) of oxidant, reductant and flux, type of coupling agent and а mixture pelletizing technology.
It is established experimentally that grinding of ore fines together with reductant powder ensures total contact between the particles of metal reducing agent and ore. This increases (by 5 % O having astringent properties. It is found that pelletizing of mixtures for direct steel alloying can be performed by pelletizing or briquetting at a disk granulator; wherein, pelletizing method does not significantly affect the parameters of manganese reduction from oxides. The briquettes and pellets have a sufficient strength for transportation.
The technology of ladle deoxidizing and alloying of steel with manganese using mixtures of different composition passed industrial tests in 25-ton electric arc furnaces. Mixtures of the following compositions were used:
I -friable alloy [8] Al-Mn-Si-Fe-C (7 % Al, 25.5 % Si, 27 % Mn) -39.2 %, manganese ore -39.2 %, dolomite -19.6 %, a coupling agent -2 %.
II -FS45 -42 %, manganese ore -42 %, dolomite -12 %, a coupling agent -4 %. III -FS75 -17.4 %, manganese ore -43 %, dolomite -11.5 %, CHP ash -23.2 %, water -4.9 %. Steel grades St40, St45, St20 (briquettes, composition I and II) and St45L, St35L (composition III, pellets) were smelted by direct alloying. Technological characteristics of certain melts, using briquettes of composition I, are shown in Table 7 .
The mixtures were fed into the ladle during tapping. The temperature of the steel before the tapping was 1883 -1893 o K, that is close to the upper limit recommended by technological instruction. Briquettes dissolved completely at the period of tapping. Use of briquettes and pellets containing manganese oxide materials gave rise to manganese recovery by 78 -88 % compared with 70.5 % at conventional smelting.
It is known that, when melting ferromanganese and silicomanganese, about 80 % of manganese is recovered from the ore; and the coefficient of manganese total recovery does not exceed 60 %. Obviously, the above-described technology increases total recovery of manganese and eliminates the use of conventional manganese ferroalloys which contain 1 % of manganese. The use of oxide manganese materials for ladle deoxidizing and alloying of steel reduces the cost of deoxidizing by 276 rubles per ton for the steel with 0.35 -0.65 % manganese content. FMn70  123  -------SMn17  150  -------FS65  -FS25  -150  150  150  100  100  100  100  To ladle: FS65  150  70  60  60  60  60  60  60  Briquettes  -800  750  750  700  700  700 Quality tests of steel, produced by direct alloying with oxide manganese-containing materials in the ladle have shown that macrostructure, gas content, nonmetallic inclusions and mechanical properties of the resulting metal satisfy all requirements and are identical to the steel produced by the conventional technique (see Figures 1 and 2 ). Mixtures for direct alloying, based on the Al-Mn-Si-Fe-C friable alloy and on the conventional ferrosilicium, were tested in industrial environments. 2. In direct steel deoxidizing and alloying with briquettes based on Al-Mn-Si alloy, manganese is recovered with high stability. Total recovery of manganese from briquettes exceeds the recovery using conventional ferroalloys by almost 1.5 times (taking into account all the collateral manufacturing losses). 3. The stable recovery of manganese is approximately 90 % in direct steel deoxidizing and alloying with briquettes and pellets in the ladle, using exhaust system dust as a reducing agent in fractionating of conventional ferrosilicium FS45 and FS75. 4. The metal from experimental melts satisfies standard specifications of macrostructure, gas content, nonmetallic inclusions and mechanical properties.
